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Abstract
Idiopathic pulmonary fibrosis (IPF) is a non-neoplastic pulmonary disease that is characterized by
the formation of scar tissue within the lungs in the absence of any known provocation. IPF is a rare
disease which affects approximately 5 million persons worldwide. The prevalence is estimated to
be slightly greater in men (20.2/100,000) than in women (13.2/100,000). The mean age at
presentation is 66 years. IPF initially manifests with symptoms of exercise-induced breathless and
dry coughing. Auscultation of the lungs reveals early inspiratory crackles, predominantly located in
the lower posterior lung zones upon physical exam. Clubbing is found in approximately 50% of IPF
patients. Cor pulmonale develops in association with end-stage disease. In that case, classic signs of
right heart failure may be present. Etiology remains incompletely understood. Some environmental
factors may be associated with IPF (cigarette smoking, exposure to silica and livestock). IPF is
recognized on high-resolution computed tomography by peripheral, subpleural lower lobe reticular
opacities in association with subpleural honeycomb changes. IPF is associated with a pathological
lesion known as usual interstitial pneumonia (UIP). The UIP pattern consists of normal lung
alternating with patches of dense fibrosis, taking the form of collagen sheets. The diagnosis of IPF
requires correlation of the clinical setting with radiographic images and a lung biopsy. In the absence
of lung biopsy, the diagnosis of IPF can be made by defined clinical criteria that were published in
guidelines endorsed by several professional societies. Differential diagnosis includes other
idiopathic interstitial pneumonia, connective tissue diseases (systemic sclerosis, polymyositis,
rheumatoid arthritis), forme fruste of autoimmune disorders, chronic hypersensitivity pneumonitis
and other environmental (sometimes occupational) exposures. IPF is typically progressive and leads
to significant disability. The median survival is 2 to 5 years from the time of diagnosis. Medical
therapy is ineffective in the treatment of IPF. New molecular therapeutic targets have been
identified and several clinical trials are investigating the efficacy of novel medication. Meanwhile,
pulmonary transplantation remains a viable option for patients with IPF. It is expected that, during
the next decade, considerable progress will be made toward the understanding and treatment of
this devastating illness.
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Disease name and synonyms
Idiopathic pulmonary fibrosis (IPF).
Synonym: cryptogenic fibrosing alveolitis (CFA) was the
preferred term in Europe until terminology was simplified
by consensus conference [1].
Definition
Idiopathic pulmonary fibrosis (IPF) is a chronic disease
that manifests over several years and is characterized by
scar tissue within the lungs, in the absence of known prov-
ocation. Exercise-induced breathlessness and chronic dry
cough are the prominent symptoms.
IPF belongs to a family of lung disorders known as the
interstitial lung diseases (ILD) or, more accurately, the dif-
fuse parenchymal lung diseases (DPLD). Within this
broad category of diffuse lung diseases, IPF belongs to the
subgroup known as idiopathic interstitial pneumonia
(IIP). By definition, the etiology of IIP is unknown. There
are seven distinct IIPs, differentiated by specific clinical
features and pathological patterns [2]. IPF is the most
common form of IIP. It is associated with the pathologic
pattern known as usual interstitial pneumonia (UIP); for
that reason, IPF is often referred to as IPF/UIP. IPF is usu-
ally fatal, with an average survival of approximately three
years from the time of diagnosis [3-5]. Older studies sug-
gested that five-year mortality for IPF was only 50%, but
this estimate was derived prior to the recognition of non-
specific interstitial pneumonia (NSIP), a pathological
subtype of IIP that mimics IPF in its clinical presentation
[6-8]. NSIP has a more favorable prognosis and the almost
certain inclusion of NSIP cases in older studies of IPF mor-
tality accounts for differences in observed outcome [9]. By
definition, IPF/UIP must be discriminated from NSIP.
Epidemiology
The incidence and prevalence of IPF are difficult to deter-
mine because uniform diagnostic criteria have only
recently been defined [1]. Historical information relating
to vital statistics relied on population studies which uti-
lized diagnostic coding data and death certificates to iden-
tify cases. The accuracy of this information can be
questioned, especially when studies were performed in
the era of undefined diagnostic criteria.
The best available data suggests an incidence of approxi-
mately 10.7 per 100,000 persons for men; and 7.4 per
100,000 persons for women. The prevalence of IPF is
slightly greater at 20.2 men per 100,000 and 13.2 women
per 100,000 [10,11]. Data from around the world demon-
strates that IPF favors no particular race, ethnic group or
social environment. It is estimated that IPF affects at least
5 million persons worldwide. It also appears that, during
the last decade, the incidence of IPF was on the rise [12].
Cigarette smoking is strongly associated with IPF. One
study reported a correlation between smoking history
(20–40 pack-years) and risk for IPF, with an odds ratio of
2.3 (95% confidence interval, 1.3 to 3.8) for smokers [13].
IPF affects men more than women. In addition, the inci-
dence of IPF increases with age. IPF most commonly
appears between the fifth and seventh decades of life, with
two-thirds of all cases arising in patients over 60 years of
age [1]. The mean age at presentation is 66 years old [1].
IPF occurs infrequently in those younger than 40 and
rarely affects children, if at all. A large U.S. population-
based study noted a significant difference in prevalence by
age [10]. This study found that the prevalence of IPF was
only 2.7 cases per 100,000 amongst those aged 35 to 44
years-old; meanwhile, 175 cases per 100,000 were found
among persons over the age of 75 years.
Familial cohorts of IPF are described in dozens of reports,
though sporadic cases constitute the majority of disease.
Clinical features of familial IPF are indistinguishable from
those of the sporadic form, excepting for an earlier age of
onset [14]. Familial IPF is defined as two or more verified
cases within a group of relatives belonging to a primary
family unit (parents, children and siblings). Familial IPF
accounts for 0.5 to 2% of all cases of IPF. Lung inflamma-
tion has been identified in unaffected members of fami-
lies with IPF [15]. The largest description of familial
pulmonary fibrosis identified 111 families with 309
affected family members [16]. This study identified an
autosomal dominant vertical transmission pattern. Also
described were families in which more than one variant of
idiopathic interstitial pneumonia was present. This find-
ing in particular suggests that pulmonary fibrosis, inde-
pendent of specific form, is a common endpoint for
genetically-mediated disease-forming pathways. While
single gene defects have yet to be identified, a recent and
intriguing report described polymorphisms of hTERT and
hTR in a cohort of patients with familial IPF [17]. These
two genes are involved in the regulation of telomere
length and thereby play a pivotal role in controlling cell
death and aging.
Clinical description
History and physical
IPF patients experience breathlessness upon exertion.
They are often bothered by a dry cough which interferes
with daily activities. The onset of symptoms is slow, but
symptoms become progressively worse over time. The ini-
tial presentation of breathlessness is commonly attributed
to aging, cardiac disease, or emphysema which results in
typical delays of diagnosis. Retrospective analysis of IPF
patients suggests that symptoms precede diagnosis by a
period of 6 months to 2 years [18]. Symptoms such as
weight loss, fever, and arthralgias are unusual in IPF andOrphanet Journal of Rare Diseases 2008, 3:8 http://www.ojrd.com/content/3/1/8
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should prompt an investigation for secondary causes of
pulmonary fibrosis. Gastro-esophageal acid reflux is
present in close to 90% of patients with IPF but often
occurs without symptoms [19].
Auscultation of the lungs reveals early inspiratory crackles,
predominantly located in the lower posterior lung zones
upon physical exam. These rales have a fine acoustic char-
acter reminiscent of the sound made by Velcro.
Clubbing is found in approximately 50% of patients with
IPF. There are no other physical manifestations, unless cor
pulmonale has developed in association with end-stage
disease. In that case, classic signs of right heart failure may
be present.
The examination of patients with IPF should attempt to
identify those signs suggesting an alternative diagnosis
such as systemic sclerosis or polymyositis that can be asso-
ciated with secondary pulmonary fibrosis. To that end, the
examiner should look for sclerodactily, scleroderma,
proximal muscle weakness and telangiectasias. The his-
tory should exclude Raynaud's phenomenon.
Diagnostic laboratory findings
There are no specific laboratory abnormalities in IPF.
However, mild elevation of the erythrocyte sedimentation
rate, a low-positive titer of anti-nuclear antibody (ANA)
and/or low-positive rheumatoid factor can be seen and
are thought to represent a general state of inflammation.
In advanced disease, blood counts may reveal poly-
cythemia.
A high titer of autoantibodies suggests an alternative diag-
nosis such as connective tissue disease. In order to exclude
secondary causes of pulmonary fibrosis, a broad panel of
autoantibodies should be ordered during the initial eval-
uation.
Physiologic changes
Routine spirometry reveals decreased measures of forced
vital capacity (FVC) and forced expiratory volume in one
second (FEV1). The ratio of FEV1/FVC remains normal (or
increased) in IPF, consistent with restrictive physiology.
Lung volume measurements confirm restrictive physiol-
ogy, usually manifest in reduction of total lung capacity
(TLC). Restrictive physiology is the consequence of
reduced pulmonary compliance. Changes in compliance
can be attributed to the accumulation of parenchymal scar
tissue and the subsequent distortion of normal lung archi-
tecture.
Gas exchange is impaired in IPF which can be demon-
strated by measurement of the diffusion capacity. Declin-
ing diffusion capacity can sometimes precede changes in
lung volume. Isolated impairment of diffusion capacity
can be found during the early stages of IPF.
The resting arterial blood gas is usually normal. Mild
hypoxemia and mild respiratory alkalosis can occur in
end-stage disease. Although resting arterial oxygen satura-
tion remains normal, oxygen desaturation is commonly
found during exercise. The main cause for exercise-
induced hypoxemia is ventilation-perfusion (V/Q) mis-
matching, as opposed to anatomic shunting or reduced
diffusion capacity [20].
Natural history and prognosis
The natural history of IPF is incompletely known. IPF usu-
ally assumes a course of relentless physiologic deteriora-
tion. However, some patients remain stable for extended
periods and individual outcomes can be highly variable
[18]. Still, long-term survival with biopsy proven IPF is
not expected. The median survival time demonstrated in
recent studies using the modern definition of IPF is
between 2 and 5 years, counting from the time of diagno-
sis [3-5,9].
New insight into the natural history of IPF has been
gleaned from secondary analysis of the placebo groups
assembled for recent multi-center clinical trials [21-23]. It
appears that three potential clinical courses exist: a)
slowly progressive disease (the most common); b) disease
marked by episodic acute exacerbations; and c) rapidly
progressive disease [18]. At present, there are no means
for accurately predicting the clinical course. Nevertheless,
acute exacerbations deserve special attention.
Acute exacerbations of IPF
Japanese physicians were the first to describe acute, unex-
pected deterioration in patients with IPF. This phenome-
non has been called the "acute exacerbation" or, more
euphemistically, the "terminal complication" of IPF
[24,25]. Acute exacerbations in IPF (AE-IPF) are character-
ized by sudden worsening of respiratory symptoms
accompanied by hypoxemia and the appearance of new
radiographic infiltrates. It is important to clinically distin-
guish AE-IPF from pulmonary embolism, congestive heart
failure, pneumothorax and infection. Acute exacerbations
can occur in patients with known IPF, but AE-IPF also
presents as the initial manifestation of IPF [26]. The yearly
incidence of AE-IPF is between 10 and 15% of all patients
who are at risk. This estimate is based on data derived
from the placebo-control groups of two large randomized
clinical trials [21,27]. AE-IPF is recognized by clinical cri-
teria established in the first published case series from
Japan [24]. The diagnosis, in the setting of known IPF,
requires all of the following: a) acute worsening of dysp-
nea within the last month; b) deterioration from baseline
of either vital capacity or gas exchange (usually docu-Orphanet Journal of Rare Diseases 2008, 3:8 http://www.ojrd.com/content/3/1/8
Page 4 of 15
(page number not for citation purposes)
mented by a wide A-a gradient); c) new radiographic infil-
trates; and d) the absence of alternative causes for clinical
deterioration [28]. The development of AE-IPF in patients
without known IPF can be recognized when consensus
criteria for IPF (see below) are satisfied and the patient
presents with acute respiratory failure. The radiographic
features of AE-IPF are ground glass opacification superim-
posed on typical interstitial markings. The histopathology
of AE-IPF can demonstrate usual interstitial pneumonia
(UIP; see below) with superimposed diffuse alveolar dam-
age (DAD), characterized by alveolar epithelial injury and
hyaline membranes. An alternate histopathology of AE-
IPF consists of UIP with superimposed organizing pneu-
monia [26]. The prognosis of AE-IPF is poor. Several small
series of AE-IPF report that the mortality of this condition
ranges between 78 to 96% [29-31]. However, this data is
skewed by methods that used autopsy results for case find-
ing. Still, an association is reported between the need for
mechanical ventilation and mortality in AE-IPF. The usual
approach to treating AE-IPF is to use corticosteroids but
the benefit of such has not been established.
Pulmonary hypertension and IPF
Pulmonary hypertension has been reported to occur in 32
to 84% of patients with IPF. The exact prevalence remains
unclear because triggers for the evaluation of pulmonary
pressures and the best method to detect pulmonary hyper-
tension in IPF remain unsettled [32]. Diffusion capacity is
strongly correlated with pulmonary hypertension, being
inversely related [33,34]. However, the severity of restric-
tive physiology has little bearing on the prevalence or
degree of pulmonary hypertension. Several studies have
demonstrated a lack of correlation between pulmonary
artery pressure and forced vital capacity (FVC) [33,35].
Right-heart catheterization is the best diagnostic test for
pulmonary hypertension but the implementation of such
invasive testing is difficult to justify in the absence of data
demonstrating a benefit to treatment of pulmonary hyper-
tension in IPF. Still it is clear that the presence of pulmo-
nary hypertension in IPF adversely affects survival [33,36].
IPF and emphysema
Several groups have described a syndrome in which IPF
coexists with pulmonary emphysema [37-39]. This comes
as no surprise since both diseases are associated with a his-
tory of exposure to cigarette smoke. Combined IPF and
emphysema is characterized by upper lobe emphysema
and lower lobe fibrosis. Physiologic testing of these
patients reveals preserved lung volume indices contrasted
by markedly impaired diffusion capacity. The incidence of
combined IPF and emphysema remains unknown but
smaller case series suggest that this subgroup may com-
prise up to 35% of patients with IPF [38].
Combined IPF and emphysema is a strong determinant of
secondary pulmonary hypertension [39]. In addition,
combined IPF and emphysema has major effects on meas-
ures of physiologic function, exercise capacity and prog-
nosis. The composite physiologic index (CPI) was derived
to capture the effect of emphysema on IPF. CPI is simple
to calculate, CPI = 91 - (0.65 percent predicted DLCO) -
(0.53 percent predicted FVC) + (0.34 percent predicted
FEV1), and has been shown to reflect the extent of disease
more accurately than single physiologic indices [38]. CPI
is also a powerful predictor of mortality.
Lung cancer and IPF
An association between IPF and lung cancer was theorized
based upon the simultaneous finding of IPF and lung can-
cer in autopsy studies dating back several decades [40]. A
small number of epidemiologic reports helped advance
the notion that IPF is an independent risk factor for lung
cancer [41,42]. Yet, studies examining multiple causes of
death, utilizing information obtained from death certifi-
cates, failed to confirm an association between pulmo-
nary fibrosis and lung cancer [43]. A retrospective case-
control study took advantage of the British general-prac-
tice database and identified 890 cases of IPF. Compared to
5,884 controls, a seven-fold increase in lung cancer was
observed in IPF patients [44]. Unsettled issues regarding
the association between fibrosis and lung cancer include
questions regarding the underlying mechanism of this
association; as well as questions regarding the difference
in cancer subtype and location in patients with pulmo-
nary fibrosis as compared to the general population [45].
Etiology and pathogenesis
Etiology
The term "idiopathic" suggests there are no known causes
for IPF. Diagnostic criteria for IPF require exclusion of
known  causes of interstitial lung disease. However, an
environmental etiology for IPF is supported by evidence
from several sources [46]. A relationship between envi-
ronmental exposures and IPF is plausible, has been con-
sistently demonstrated by case-control studies and is
analogous to known disease, such as asbestosis, in which
environmental material is associated with pulmonary
fibrosis. Technical obstacles to epidemiologic research
have prevented the definitive determination of a causal
link between environmental exposure and IPF. Research
in this area is hampered by the low prevalence of IPF.
Case-control studies, though convenient, are flawed due
to selection bias and recall bias.
Meanwhile, cigarette smoking is consistently associated
with IPF. A recent study of familial pulmonary fibrosis
looked at 309 affected individuals [16]. After adjusting for
age and sex, this cohort demonstrated a strong associationOrphanet Journal of Rare Diseases 2008, 3:8 http://www.ojrd.com/content/3/1/8
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between smoking and IPF (odds ratio [OR], 3.6; 95% con-
fidence interval [CI], 1.3–9.8).
A multi-center case-control study conducted in the United
States included 248 patients with IPF and 491 matched
control subjects [47]. This study demonstrated significant
associations between IPF and a) cigarette smoking (OR,
1.6; 95% CI, 1.1–2.4); b) silica exposure (OR, 3.9; 95%
CI, 1.2–12.7); and c) exposure to livestock (OR, 2.7; 95%
CI, 1.3–5.5). Other associations failed to reach statistical
significance.
Several intriguing reports suggest the involvement of her-
pesvirus and/or hepatitis C virus in the etiology of IPF [48-
50]. However, another study demonstrated viral infection
limited to IPF patients receiving corticosteroids, suggest-
ing that infection is simply a marker of immunosuppres-
sion rather than an etiologic agent of fibrosis [51].
Pathogenesis
While pathogenetic mechanisms are incompletely under-
stood, the currently accepted paradigm proposes that
injury to the alveolar epithelium is followed by a burst of
pro-inflammatory and fibroproliferative mediators that
invoke responses associated with normal tissue repair. For
unclear reasons, these repair processes never resolve and
progressive fibrosis ensues. This theory is aligned with the
most recent scientific data and has been summarized else-
where [52-54]. A thorough appraisal of the scientific evi-
dence is beyond the scope of this review. However, a few
recent advances are worth mentioning.
The origin of pathological fibroblast foci within the IPF
lesion remains puzzling. Possibilities include differentia-
tion of resident fibroblasts, recruitment of circulating
fibroblast precursors and transdifferentiation of epithelial
cells into pathological fibroblast phenotypes.
An animal model has demonstrated bone marrow-
derived cells assuming a fibroblastic phenotype and
migrating to the lung in substantial numbers following
alveolar epithelial cell injury [55]. A separate group of
researchers observed migration of fibrocytes to the lungs
of animals in a model of epithelial injury [56]. Fibrocytes
are circulating cells of hematopoietic origin which are
thought to play a role in normal and pathological wound
repair [57]. Fibrocytes were previously identified in a vari-
ety of fibrotic lesions, including hypertrophic dermal scars
and abnormal airways in asthmatics [57].
Transdifferentiation of epithelial cells to a mesenchymal
phenotype is a well documented phenomenon that takes
place during embryogenesis. Epithelial-to-mesenchymal
transition (EMT) is a similar process which has recently
been demonstrated as an important pathway mediating
fibroproliferation in certain renal diseases [58]. Pulmo-
nary researchers have now demonstrated coexpression of
epithelial and mesenchymal markers in histologic speci-
mens obtained from patients with IPF, suggesting a role
for EMT in pulmonary fibrosis [59]. In addition, animal
models of pulmonary fibrosis demonstrate the possibility
of EMT in the lung. One study employed a beta-galactosi-
dase reporter cell to trace epithelial cell lineage during the
development of experimentally-induced fibrosis. Mesen-
chymal markers were noted almost exclusively in cells of
epithelial lineage [60].
An overlooked feature of pulmonary fibrosis is the pres-
ence of increased angiogenic activity, reminiscent of tum-
origenesis. This has been well-established in both animal
and human studies [61,62]. An imbalance between ang-
iogenic chemokines (IL-8 and ENA-78) and angiostatic
chemokines (IP-10) has been proposed to explain angio-
genesis in the development of progressive pulmonary
fibrosis [63].
Diagnostic methods and criteria
Radiographic findings
The chest roentograph is abnormal in most patients with
IPF (Figure 1). Nevertheless, approximately ten percent of
patients with histologically proven IPF have a normal
roentograph. In these cases, high-resolution computed
tomography (HRCT) will reveal evidence of the disease
that has been missed by a plain roentograph [1].
PA chest radiograph of a 67-year old man with progressive  dyspnea revealing bilateral reticular infiltrates with lower  lobe predominance Figure 1
PA chest radiograph of a 67-year old man with progressive 
dyspnea revealing bilateral reticular infiltrates with lower 
lobe predominance. * Reprinted from Fishman's Pulmo-
nary Diseases and Disorders, 4th edition 2007. Meltzer, 
EB and Noble, PW: Chapter 70, Idiopathic Pulmonary Fibro-
sis. With permission from McGraw-Hill Companies.Orphanet Journal of Rare Diseases 2008, 3:8 http://www.ojrd.com/content/3/1/8
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Roentographic images of IPF can demonstrate reticular
markings (net-like curvilinear opacities). These markings
are distributed in a bilateral, asymmetric pattern with pre-
dilection toward the lower lobes. A particular pattern of
course reticular lines juxtaposed between areas of focal
round translucency is known as honeycombing. Roento-
graphic honeycombing emerges late in the course of dis-
ease and portends poor prognosis [64].
Use of standard roentographs lacks diagnostic accuracy. A
correct diagnosis of IPF (true positive) is made by a roen-
tograph in less than 50% of cases. Furthermore, the radi-
ographic interpretation of interstitial patterns has the
characteristic of poor interobserver agreement. Studies
examining this particular test characteristic have reported
meager 70% concordance amongst radiologists [65,66].
The development of HRCT revolutionized the diagnostic
evaluation of interstitial lung disease. HRCT utilizes x-ray
technology, along with computerized algorithms, to con-
struct images of virtual thin axial slices through the chest.
These high-fidelity images allow a detailed examination
of the pulmonary parenchyma. Subsequently, interob-
server agreement and overall diagnostic accuracy has been
improved with this technology. HRCT permits identifica-
tion of alternate patterns of diseases. The primary role of
HRCT during the diagnostic evaluation of interstitial lung
diseases has become the discrimination of "typical" radi-
ographic IPF from that of other ILD.
The "typical" appearance of IPF on HRCT consists of
patchy, predominantly peripheral, predominantly subp-
leural and necessarily bibasilar reticular opacification
(Figure 2). Ground glass infiltrates can occupy no more
than scant, limited areas of the images. Regions of dense
reticulation may demonstrate secondary involvement of
medium-sized airways that is known as "traction bron-
chiectasis". The presence of subpleural honeycombing
(defined on HRCT as palisades of small, round translu-
cencies), traction bronchiectasis and thickened interlobu-
lar septae increases specificity for a diagnosis of IPF.
Together, these findings constitute a radiographic pattern
that is termed "confident" or "certain" IPF [67].
Certain characteristics need be absent from HRCT in order
to label the images as consistent with the "confident" IPF
pattern. The HRCT cannot feature predominant ground
glass opacities, nodular infiltrates or significant lymphad-
enopathy. A predominance of upper lobe infiltrates is also
inconsistent with "confident" IPF. These findings may
suggest alternative diagnoses. For example, ground glass
implies heart failure, non-specific interstitial pneumonia,
cryptogenic organizing pneumonia, desquamative inter-
stitial pneumonia, respiratory bronchiolitis-associated
interstitial lung disease or hypersensitivity pneumonitis. A
pattern of fine nodules might suggest hypersensitivity
pneumonitis, granulomatous infection or lymphangitic
spread of malignancy. Upper lobe disease is found in pul-
monary Langerhans' cell histiocytosis, hypersensitivity
pneumonitis, several pneumoconioses, sarcoidosis, anky-
losing spondylitis, rheumatoid nodules and eosinophilic
pneumonia syndromes. Significant hilar lymphadenopa-
thy is associated with sarcoidosis, infection and malig-
nancy.
Several studies examined the accuracy of HRCT utilizing
histopathology as the "gold standard" [68,69]. Studies
have demonstrated specificity exceeds 90% for the "confi-
dent" HRCT pattern. Thus in the right clinical setting, it is
possible to make the diagnosis of IPF by HRCT alone. In
such cases HRCT obviates the need for lung biopsy.
However, testing for the "confident" HRCT pattern is not
a sensitive tool for case finding of IPF. The full spectrum
of the "confident" HRCT pattern can only be found in 4-
out-of-5 cases of biopsy-proven IPF. In other biopsy-
proven IPF cases, a less specific reticular pattern is seen on
HRCT which has been called "possible" IPF (Figure 3).
Computed tomography scan illustrates the "classic" features  of IPF Figure 2
Computed tomography scan illustrates the "classic" features 
of IPF. Bilateral, peripheral, subpleural reticular infiltrates are 
evident. The presence of advanced fibrosis is indicated by 
honeycomb changes (arrowhead) and traction bronchiectasis 
(arrow). These features permit experienced clinicians to 
make a confident radiographic diagnosis of IPF. * Reprinted 
from Fishman's Pulmonary Diseases and Disorders, 
4th edition 2007. Meltzer, EB and Noble, PW: Chapter 70, 
Idiopathic Pulmonary Fibrosis. With permission from 
McGraw-Hill Companies.Orphanet Journal of Rare Diseases 2008, 3:8 http://www.ojrd.com/content/3/1/8
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The radiographic pattern of "possible" IPF requires surgi-
cal lung biopsy to confirm the diagnosis. Sometimes
biopsy identifies an alternative diagnosis.
Findings of bronchoscopy and surgical lung biopsy
The role of bronchoalveolar lavage (BAL) in the diagnosis
of IPF remains limited. While the cell count of BAL fluid
from patients with IPF has an expected differential distri-
bution (increased numbers of neutrophils and/or eosi-
nophils), the diagnosis of IPF can not made solely on the
basis of BAL fluid analysis. Though much effort has been
invested in evaluating the clinical utility of BAL, the
results of many studies are contradictory [70,71]. Still,
BAL fluid analysis, and sometimes transbronchial biopsy
(TBB), can be helpful in excluding alternative diagnoses.
Bronchoscopic exam may demonstrate tumor, infection,
Langerhans' cells or occupational dust exposures.
A surgical lung biopsy is close to the "gold standard" for
diagnosis and is recommended to confirm all suspected
cases of IPF. Biopsy from two sites is recommended based
on data indicating a substantial risk of sampling era unless
specific effort is made to reflect the gamut of gross disease
[72].
In cases presenting with a "confident" HRCT pattern,
biopsy can be avoided because the results of biopsy can be
predicted [68,69]. A sizable tissue specimen is required in
order to distinguish patterns of IIP, one from the other.
Therefore, surgical biopsy is needed and transbronchial
biopsy is inadequate. A surgical lung biopsy can be per-
formed by either open thoracotomy or a video-assisted
thoracoscopy (VATS) approach. VATS is preferred since
this procedure is associated with lower morbidity and
shorter hospital stay as compared with open thoracotomy
[73].
The decision to perform surgical lung biopsy must be care-
fully considered. Advanced lung disease, poor functional
status and older age are relative contraindications to sur-
gery. The absolute risk associated with biopsy is contro-
versial and all of the evidence related to this issue is
derived from retrospective data, thus colored by inherent
selection bias. While some studies have noted a high
short-term mortality, other studies have demonstrated
that surgical lung biopsy can be performed safely [74,75].
VATS is usually well tolerated and can provide useful
information concerning the diagnosis, prognosis and
treatment options.
The gross pathology of IPF may be normal, but often a dis-
tinctive nodular appearance of the pleural surface is
found. This has been likened to cirrhosis of the liver. The
histopathological lesion associated with IPF is known as
usual interstitial pneumonia (UIP). This lesion is defined
by a distinctly variegated pattern. UIP features normal
lung architecture alternating with patchy areas of histolog-
ically apparent pulmonary parenchymal fibrosis (Figures
4 and 5). Fibrosis takes the form of alveolar septal thick-
ening with marked involvement of the subpleural regions.
The most severely involved areas of the lung demonstrate
complete distortion of normal architecture, with sheets of
dense collagen replacing normal lung tissue and occa-
sional cystic structures known as microscopic honey-
combs. When examined carefully under the microscope,
the region of scarred lung tissue appears to encroach upon
areas of preserved, normal lung tissue. This has been
termed the "leading edge" of fibrosis and contains special-
ized structures known as fibroblast foci. Fibroblast foci are
pale-staining whirls of loose extracellular matrix mole-
cules, interspersed with numerous cells of the fibroblast
type (Figures 4 and 5). Inflammation is mostly absent
from the UIP pathologic pattern except for occasional
lymphoid follicles that are confined to regions of end-
stage fibrosis. UIP contains no hyaline membranes, gran-
ulomas or organized alveolar exudates. Sometimes
emphysema or respiratory bronchiolitis is superimposed
upon the UIP pattern when the patient is a former or
active smoker. These pathological changes can complicate
diagnostic interpretation.
Computed tomography scan of an 81-year old man with  biopsy-proven IPF Figure 3
Computed tomography scan of an 81-year old man with 
biopsy-proven IPF. A peripheral distribution of reticular 
opacities is demonstrated. Honeycombing and traction bron-
chiectasis are notably absent. In the absence of specific find-
ings, a surgical lung biopsy was needed to make a diagnosis. * 
Reprinted from Fishman's Pulmonary Diseases and 
Disorders, 4th edition 2007. Meltzer, EB and Noble, PW: 
Chapter 70, Idiopathic Pulmonary Fibrosis. With permis-
sion from McGraw-Hill Companies.Orphanet Journal of Rare Diseases 2008, 3:8 http://www.ojrd.com/content/3/1/8
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It is important to note that the UIP pattern is found in sev-
eral diseases and is not limited to IPF. UIP can be associ-
ated with connective tissue disease, asbestosis,
hypersensitivity pneumonitis, the Hermansky-Pudlak
syndrome and drug toxicities (e.g.: bleomycin, amiodar-
one and nitrofurantoin toxicity). Distinguishing IPF from
other disorders that contain UIP requires correlation with
the clinical history.
It is also important to realize that honeycomb change of
itself is a non-specific manifestation of end-stage fibrosis.
Microscopic honeycombs do not equate with the UIP pat-
tern nor do they connote a diagnosis of IPF. Only the full
spectrum of UIP is diagnostic for IPF (in the correct clini-
cal setting, as noted above).
Diagnostic criteria
The actual "gold standard" diagnosis of IPF consists of
clinical-radiological-pathological correlation and was
defined by consensus conference in the year 2000 and
adopted by the American Thoracic and European Respira-
tory Societies (ATS/ERS) in a statement of guidelines pub-
lished in the same year [1]. According to guidelines, the
diagnosis of IPF can be considered definitive only in the
presence of a surgical (not transbronchial) lung biopsy.
The definite diagnosis of IPF requires all of the following:
[1]
• Surgical lung biopsy revealing a histologic pattern con-
sistent with UIP
• Exclusion of other known causes of interstitial lung dis-
ease (e.g.: connective tissue disease, environmental expo-
sure, etc.)
• Abnormal pulmonary physiology with evidence of
restriction and/or impaired gas exchange (can exist during
exercise alone)
• HRCT demonstrating a pattern of "confident" or "possi-
ble" IPF.
In the absence of a surgical biopsy, the diagnosis of IPF
remains uncertain. Yet, a set of reproducible clinical crite-
ria were developed to define the probable diagnosis of
IPF in cases in which a surgical biopsy is not possible.
These clinical criteria were endorsed by the ATS/ERS con-
sensus statement on IPF [1]. By consensus opinion, IPF
can be reasonably diagnosed if all four major criteria and
three-out-of-four minor criteria are satisfied. They are as
follows:
Major criteria (Must fulfill all four requirements)
• Exclusion of other known causes for interstitial lung dis-
ease (such as drug toxicity, environmental exposure and
connective tissue disease)
a) Low-magnification photomicrograph of UIP showing the characteristic heterogeneous involvement of the parenchyma Figure 4
a) Low-magnification photomicrograph of UIP showing the characteristic heterogeneous involvement of the parenchyma. 
Zones of interstitial fibrosis are seen alternating with areas of normal lung. b) Higher-magnification demonstrates enlarged 
cystic airspaces lined with hyperplastic alveolar epithelium (arrowheads). Beneath the mucosal layer is an advancing region of 
young fibrosis containing loose extracellular matrix (pale pink staining) and fibroblasts (arrows). * Reprinted from Fishman's 
Pulmonary Diseases and Disorders, 4th edition 2007. Meltzer, EB and Noble, PW: Chapter 70, Idiopathic Pulmonary 
Fibrosis. With permission from McGraw-Hill Companies.Orphanet Journal of Rare Diseases 2008, 3:8 http://www.ojrd.com/content/3/1/8
Page 9 of 15
(page number not for citation purposes)
• Abnormal pulmonary function testing that includes evi-
dence of restriction (reduced VC often with an increased
FEV1/FVC ratio)and/or impaired gas exchange (increased
A-a gradient or decreased diffusion capacity)
• Bibasilar reticular abnormalities with minimal ground
glass opacities on HRCT scans (a "confident" HRCT is pre-
ferred)
• Transbronchial lung biopsy or bronchoalveolar lavage
(BAL) does not support an alternative diagnosis
Minor criteria (Must fulfill at least three; in addition to
major criteria)
• Age > 50 yr
• Insidious onset of otherwise unexplained dyspnea on
exertion
• Duration of illness ≥ 3 months
• Bibasilar, inspiratory crackles (dry or "Velcro" type in
quality)
These criteria have never been subjected to a prospective
analysis and, over time, diagnostic algorithms have con-
tinued to evolve. As HRCT technology has improved and
the utility of this modality has been consistently demon-
strated in clinical trials, HRCT has become a more impor-
tant tool in diagnostic algorithms. Meanwhile,
transbronchial biopsy and BAL have fallen from favor,
mostly due to low diagnostic yield. A new ATS/ERS-spon-
sored consensus statement should address these issues
and publication of such is expected in 2008.
Controversies regarding the diagnosis of IPF
The clinical-radiological-pathological "gold standard"
diagnosis of IPF is flawed due to several issues, such as: 1)
lack of standardized tests to exclude known causes of
interstitial lung disease; 2) poor interobserver agreement
regarding the interpretation of radiographic images; and,
3) poor interobserver agreement as regards the recogni-
tion of histological patterns. Interobserver agreement
amongst radiologists reading HRCT has been reported to
be no better than 80% [76]. Agreement amongst patholo-
gists has been shown to depend upon experience and
training and can be as low as 50% [77,78].
Since the mid-1990s, attention has focused on the divi-
sion of idiopathic pulmonary fibrosis into histologically-
defined subgroups. This practice stems from the descrip-
tion of NSIP in 1994 [79]. NSIP pathology consists of
homogeneously thickened interstitial spaces that contain
accumulated fibrosis and inflammation. In NSIP, fibrob-
lastic foci are scarce and focal areas of organizing pneu-
monia can be found but remain inconspicuous. It has
been suggested that patients with NSIP live longer than
patients whose biopsy contains UIP [9]. However, a clini-
cal description of NSIP-associated symptoms, along with
vital statistics and risk factors for NSIP, have never been
systematically recorded. By default, NSIP has come to rep-
resent a disease that exists in parallel to IPF. Whether NSIP
truly represents a separate disease from IPF remains to be
shown. Patients with NSIP are usually ten years younger
than those with UIP. NSIP is also reported to be more sen-
sitive to corticosteroids [2]. Some authors suggest that
NSIP represents an early stage of IPF but this issue is
highly controversial [54,80].
Three lines of evidence suggest that NSIP and UIP are dif-
ferent ends of a spectrum resulting from the same disease.
The first piece of evidence is found in the examination of
patients undergoing multiple surgical lung biopsies. One
such study found that 26% of patients with IPF have NSIP
pathology in one lobe while simultaneously displaying
UIP in a sample from another lobe [72]. The second piece
of evidence is provided by a study that examined survival,
histopathology and pulmonary functions trends [5]. This
study compared a cohort with 12-month interval physio-
logic stability to a cohort with declining 12-month physi-
ology. It was found that physiology predicts mortality
more strongly than any other measurable parameter,
Scanning view of UIP demonstrates the characteristic varie- gated appearance of UIP Figure 5
Scanning view of UIP demonstrates the characteristic varie-
gated appearance of UIP. Note the honeycomb change 
(arrowheads) present in the region of dense fibrosis adjacent 
to the pleural surface. A fibroblast focus (arrow) is seen at 
the leading edge of advancing fibrosis. * Reprinted from Fish-
man's Pulmonary Diseases and Disorders, 4th edition 
2007. Meltzer, EB and Noble, PW: Chapter 70, Idiopathic 
Pulmonary Fibrosis. With permission from McGraw-Hill 
Companies.Orphanet Journal of Rare Diseases 2008, 3:8 http://www.ojrd.com/content/3/1/8
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including histopathological distinction (i.e.: UIP vs.
NSIP); in fact, pathological pattern conferred no inde-
pendent prognostic value. The last bit of evidence comes
from a cohort of families affected by familial pulmonary
fibrosis where both NSIP and UIP were often found
within a single family [16].
Differential diagnosis
The differential diagnosis of IPF includes other idiopathic
interstitial pneumonias. HRCT is useful for excluding dis-
ease with predominantly ground glass opacity or nodular
patterns. Non-specific interstitial pneumonia (NSIP) will
always remain in the differential and, in some cases, can
only be excluded by biopsy.
Connective tissue diseases such as systemic sclerosis, pol-
ymyositis or rheumatoid arthritis can mimic IPF, both
clinically and radiographically. The great majority of
patients with systemic sclerosis will present with HRCT
scan features more closely resembling NSIP [81]. Yet,
remember that such an "atypical" HRCT pattern does not
exclude IPF (see the discussion of HRCT patterns above).
Elicitation of specific symptoms and the measurement of
autoantibodies can distinguish these entities from IPF.
There are also forme fruste autoimmune disorders which
can be difficult to recognize. These entities comprise
autoimmune-mediated lung disease without a constella-
tion of signs and symptoms to fulfill diagnostic criteria for
defined rheumatologic illness. The presence of one or
more symptoms, such as Raynaud's phenomenon, proxi-
mal muscle weakness or sicca features, coupled with labo-
ratory features of systemic inflammation (antinuclear and
other specific autoantibodies) define the syndrome of
undifferentiated connective tissue disease that can accom-
pany pulmonary fibrosis and resemble IPF [82].
Chronic hypersensitivity pneumonitis and other environ-
mental (sometimes occupational) exposures can also be
difficult to differentiate. The clinical history can serve to
discriminate this condition but is oftentimes equivocal.
Nonetheless, a history of exposure to asbestos, grain dust
and mold should be sought during the initial evaluation
of IPF. Radiation pneumonitis, end-stage sarcoidosis, cer-
tain drug toxicities (e.g.: bleomycin, nitrofurantoin, amio-
darone, carmustine and methotrexate) and several
congenital disorders (e.g.: Hermansky-Pudlak, Gaucher's
disease, Niemann-Pick disease and dyskeratosis congeni-
tal) are also in the differential.
Management
Current medical therapy for IPF is poorly effective, at best.
However, IPF is a progressive, ultimately fatal disorder for
which substantive medical therapy is desperately needed.
This has led to a history of undue excitement over novel
treatment modalities and, sometimes, new medications
have been adopted prematurely only to loose credibility
with further study. At present, expectant management is
the most reasonable approach to IPF care along with sup-
portive measures instituted as necessary. Patients who sat-
isfy enrollment criteria can be enlisted in clinical trials to
test novel medications that may prove useful in the future.
In addition, patients with IPF can be offered lung trans-
plantation if they are below the age of 70 years. The timing
for lung transplantation depends upon an accurate assess-
ment of risks and benefits. This begins with an assessment
of disease activity and prognosis in IPF.
Prognostic indicators
Early studies looking at the prognosis of IPF identified
older age, male sex, significant dyspnea, severe physio-
logic abnormalities, advanced fibrosis and a poor
response to therapy as factors predicting shortened sur-
vival [83]. Early studies were limited by the use of retro-
spective study designs.
Recently, systematic studies have evaluated specific fea-
tures of IPF that are predictive of mortality. Features of the
surgical biopsy specimen have been evaluated and it was
found that neither the degree of cellularity nor degree of
fibrosis could predict survival [84]. However, the presence
of "young" connective tissue, characterized by multiple
fibroblast foci, was found to correlate with shortened sur-
vival. Other investigators have confirmed this link
between fibroblast foci and mortality [85]. It was also
found that the extent of fibroblast foci can predict physio-
logic functions such as vital capacity and diffusion capac-
ity.
Three separate groups of investigators observed a relation-
ship between physiologic measures and survival amongst
well-defined cohorts of IPF patients [3-5]. Of particular
interest, one study reported that physiologic measures
were more accurate than histopathology (NSIP vs. UIP) in
predicting mortality [5]. Twelve-month trends in diffu-
sion capacity were shown to predict survival. In this study,
physiologic measures were taken at baseline and at a
twelve month follow-up visit. The patients were grouped
into two categories, demonstrating significant decline
(more than 15% of baseline) versus demonstration of sta-
bility or improvement. Mortality was shown to be sub-
stantially higher in the group demonstrating decline.
Other investigators have examined IPF patients and iden-
tified interval decline of forced vital capacity as a charac-
teristic that is predictive of survival. A 10% decline of
forced vital capacity, at either six or twelve months, had
poor prognostic implications and was more accurate than
predictions based upon baseline physiologic parameters
alone [3].Orphanet Journal of Rare Diseases 2008, 3:8 http://www.ojrd.com/content/3/1/8
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The ability of HRCT to predict the outcome of IPF was also
demonstrated. When biopsy-proven IPF patients were fol-
lowed for three years by HRCT, it was found that radio-
graphic honeycombing predicted the worst survival [86].
In addition, when radiographic fibrosis and histopatho-
logic fibrosis were assigned scores, they were found to be
equivalent with respect to predicting death or clinical
worsening.
Another interesting study examined the relationship
between the "confident" IPF pattern and survival. A
cohort of patients with biopsy-proven IPF were analyzed
by HRCT and divided into groups based upon radio-
graphic/pathologic concordance. UIP pathology was
shown to confer a worse prognosis when seen in combi-
nation with the "confident" IPF pattern. It was found that
the an "indeterminate" pattern of HRCT conferred better
prognosis despite the presence of UIP on biopsy [87].
Pharmacotherapy
In the past, unremitting inflammation was thought to
cause progressive pulmonary fibrosis. Therefore treatment
regimens were designed to suppress the immune system
with the goal of halting subsequent fibroproliferation.
However, large randomized and placebo-controlled trials
were never performed to assess the efficacy of this strategy.
The only evidence in support of immunosuppressive ther-
apy for IPF is a handful of small studies. Nonetheless, the
ATS/ERS consensus statement recommends the use of cor-
ticosteroids combined with a cytotoxic agent for carefully
selected IPF patients [1]. The consensus statement recom-
mends prednisone (starting at 0.5 mg/kg and tapered to a
maintenance level of 0.125 mg/kg), combined with either
azathioprine or cyclophosphamide (the dose targeted to
2–3 mg/kg). Combination therapy is suggested for a
period of at least six months with clinical and physiologi-
cal response used to guide further management.
The best evidence in support of the prednisone/azathio-
prine regimen comes from a prospective, randomized,
double-blind study of only 27 IPF patients [88]. This
study examined survival and lung function over a period
of several years. While no statistically significant differ-
ence was measured using unadjusted data at the end of the
first year, a marginal advantage to the prednisone/azathi-
oprine regimen was demonstrated by examining age-
adjusted survival curves. This study was performed in the
era prior to the initial description of NSIP, which has a
better prognosis than IPF. It is most probable that some of
the 27 cases included in this study were, actually, unrecog-
nized cases of NSIP. Further inspection of the survival
curves from this study reveal that the difference in survival
occurs after the fourth year of treatment. Since most IPF
patients die within the first three years following diagno-
sis, such a late treatment benefit would be useless.
A single randomized study of 43 IPF patients compared
prednisolone alone to prednisolone/cyclophosphamide
[89]. This study followed lung function, radiographic
images, dyspnea scores and survival. While the study
could not demonstrate a survival benefit from combina-
tion therapy, an analysis of time to treatment failure was
favorable toward the prednisone/cyclophosphamide
group. Because this study was also performed in the era
before NSIP, its results are confounded by possible inclu-
sion of cases other than IPF.
Two recent studies re-evaluated the utility of prednisone/
cyclophosphamide in the treatment of IPF but both stud-
ies failed to support its use [90,91]. The first study fol-
lowed a series of 19 IPF patients, treated with
cyclophosphamide following a corticosteroid taper. This
study contained no control group and only one patient
was shown to stabilize while undergoing cytotoxic ther-
apy. The study concluded that cyclophosphamide con-
ferred no benefit in the treatment of IPF. The other study
utilized a retrospective design to evaluate survival time
amongst 82 IPF patients receiving prednisone/cyclophos-
phamide. The IPF patients were compared to an untreated
age-matched, lung-function matched cohort that served as
the control group. No survival benefit was observed.
Overall, given its considerable toxicity and lack of support
for efficacy, it seems unreasonable to prescribe pred-
nisone/cyclophosphamide for the treatment of IPF.
Another potential therapy for IPF is N-acetylcysteine
(NAC) which is a molecular precursor to the naturally
occurring antioxidant glutathione. Glutathione is known
to be depleted in the lungs of patients with IPF [92]. The-
oretically, oral NAC should replete glutathione stores and
restore natural oxidant/anti-oxidant balance to prevent
oxidative injury that precedes fibroproliferation [93]. A
small prospective, but uncontrolled, study following 18
IPF patients receiving NAC demonstrated restoration of
glutathione levels and improvement of lung function
measures [94]. This pilot study prompted a large, rand-
omized, double-blinded study of 182 IPF patients to com-
pare the efficacy of a regimen that included prednisone,
azathioprine and NAC to a regimen of only prednisone
and azathioprine [23]. A statistically significant difference
in lung function was found to favor treatment with pred-
nisone/azathioprine/NAC. However, the study is flawed
because of a high rate of drop-out among the study sub-
jects. Drop-out was addressed in statistical analysis by
deriving and using imputed data for missing data points.
Both groups in the study experienced decline of lung func-
tion over the 12-month study period; the difference was
that one group declined more. The regimen of pred-
nisone/azathioprine/NAC was shown to be possibly supe-
rior to prednisone/azathioprine alone. However, the
efficacy of prednisone/azathioprine/NAC has not beenOrphanet Journal of Rare Diseases 2008, 3:8 http://www.ojrd.com/content/3/1/8
Page 12 of 15
(page number not for citation purposes)
compared to placebo and has never been shown to
improve or stabilize patients with IPF.
Recently, a panel of experts were asked to rate the evidence
for the various treatment options for IPF [95]. The panel
concluded that the most appropriate pathway was to
enroll eligible patients in clinical trials or refer for lung
transplantation as indicated. Patients without access to
clinical trials or lung transplantation could be offered
other therapy but the sole use of corticosteroids was
deemed inappropriate. The use of corticosteroids in con-
junction with azathioprine was deemed acceptable. Given
the evidence for prednisone/azathioprine/NAC, this regi-
men could be considered with little risk attributable to
NAC.
Several clinical trials are presently assessing the utility of
novel agents in the treatment of IPF. One promising drug
is pirfenidone which has already been tested in phase I
and phase II studies in the United States and Japan. A
study examining the use of pirfenidone enrolled 105 IPF
patients to receive either the study drug or placebo [21].
The primary endpoint of this study was gas exchange as
measured by pulse oximetry during a six-minute walk.
This study was discontinued prematurely due to concerns
over excess mortality in the placebo group. Analysis
revealed no difference between groups when assessed for
the primary endpoint. However, pirfenidone was shown
to confer benefit in measures of forced vital capacity and
survival.
A word of caution: experience has shown that, although a
drug may appear promising in small phase II trials, large
trials with additional power to determine efficacy may, in
fact, reveal that a drug is ineffective. This was recently
demonstrated by trials investigating the medication inter-
feron-γ (IFN-γ). In the first multicenter study, 330 patients
with IPF were randomized to receive either IFN-γ or pla-
cebo [22]. Patients were treated for 48 weeks with study
drug and the primary endpoint measured was the effect
on progression-free survival (a composite measure that
included death and physiologic decline). The study
showed no benefit from IFN-γ as measured by the primary
endpoint. However, analysis of secondary endpoints
revealed a trend toward improved survival in the group
receiving IFN-γ. This trend did not reach statistical signifi-
cance (p = 0.08), but the study was not powered to detect
an effect on survival. Therefore, a second trial was
designed to specifically evaluate survival, with a plan to
enroll over 800 IPF patients. Unfortunately, this second
trial was recently discontinued after a planned interim
analysis determined a lack of benefit from IFN-γ relative
to placebo (unpublished data).
Non-pharmacological treatments
Lung transplantation
A survival benefit has been demonstrated for lung trans-
plantation in IPF patients [96]. However, transplantation
is only appropriate for carefully selected patients. Cur-
rently, five-year post-transplant survival approaches 50%
[97]. Rejection remains a common and formidable prob-
lem leading to significant post-transplant morbidity and
mortality. Following transplantation, patients require life-
long treatment with a combination of immunosuppres-
sants in order to prevent rejection. Patients must also
submit to frequent surveillance bronchoscopy, for the
purpose of identifying infectious and inflammatory com-
plications.
The timing of pulmonary transplantation poses addi-
tional challenges. Until recently, early referral was advo-
cated for all patients with IPF because of long pre-
transplant waiting times exceeding the median survival
time of patients with IPF. However, new allocation scores
in the U.S., devised to alleviate transplant waiting list
mortality, have dramatically reduced waiting times for
patients with IPF thus removing the impetus for early
referral [98]. Now the decision to refer a patient for trans-
plant revolves around the identification of the small sub-
group of patients with IPF that might survive longer
without transplant [96]. The judicious use of prognostic
indicators, as discussed above, can inform such judgment.
The decision to perform lung transplantation in a patient
with IPF requires careful consideration of the risks and
benefits of such an undertaking. Advanced age precludes
many patients with IPF from serious consideration of lung
transplantation. Lung transplantation should be reserved
for those with adequate social support and limited comor-
bidities, in order to face the rigors of post-transplantation
medical management. Lung transplantation, on the
whole, is best performed at specialized centers that
employ experienced surgeons and physicians who are
familiar with post-transplantation management.
Supportive measures
Regardless of the primary therapy, patients with IPF need
to be treated with supportive measures as clinically indi-
cated by their condition. For example, exercise-induced
hypoxemia warrants a prescription for supplemental oxy-
gen. While supplemental oxygen has been shown to
improve exercise performance in chronic obstructive pul-
monary disease (COPD), it has not been rigorously eval-
uated for the treatment of IPF. Nevertheless, a study that
examined quality of life (QOL) in patients with IPF found
no difference in QOL between patients receiving supple-
mental oxygen compared with those not receiving oxygen
[99]. This is in spite of the fact that patients requiring oxy-
gen were sicker.Orphanet Journal of Rare Diseases 2008, 3:8 http://www.ojrd.com/content/3/1/8
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Patients with IPF should be encouraged to enroll in a pro-
gram for pulmonary rehabilitation. Pulmonary rehabilita-
tion has not been rigorously examined in IPF, though
quadriceps strength has been correlated with exercise
capacity amongst patients with IPF [100]. This implies
that training of the lower extremities could increase exer-
cise capacity of IPF patients, as it does for patients with
COPD. Because overall QOL is impaired in IPF, with spe-
cific deficits in the areas of physical health and perceived
independence, it is reasonable to assume that rehabilita-
tion programs, designed to increase physical well being
and independence, will improve QOL [99].
Unresolved issues
IPF remains a disease for which the etiology is unknown.
The pathogenesis is only poorly understood and the natu-
ral history of the disease is just beginning to reveal itself
through observation of placebo groups from several large
multi-center clinical trials. There is no definitive approach
to the treatment of IPF because evidence for effective med-
ical therapy is still lacking. Future directions for research
should include programs that encourage the search for
new molecular targets for therapy; and research to identify
genetic susceptibility factors [101,102]. Several centers are
banking tissues from IPF patients that will enable transla-
tional research in the field. A multicenter clinical network,
sponsored by the United States' National Institute of
Health, was recently established to facilitate the study of
novel therapeutic agents as appropriate. In the next dec-
ade, it is likely that considerable progress will be made
toward understanding and treating this devastating ill-
ness.
References
1. American Thoracic Society. Idiopathic pulmonary fibrosis:
diagnosis and treatment. International consensus state-
ment. American Thoracic Society (ATS), and the European
Respiratory Society (ERS).  Am J Respir Crit Care Med 2000, 161(2
Pt 1):646-664.
2. Katzenstein AL, Myers JL: Idiopathic pulmonary fibrosis: clinical
relevance of pathologic classification.  Am J Respir Crit Care Med
1998, 157(4 Pt 1):1301-1315.
3. Collard HR, King TE Jr., Bartelson BB, Vourlekis JS, Schwarz MI,
Brown KK: Changes in clinical and physiologic variables pre-
dict survival in idiopathic pulmonary fibrosis.  Am J Respir Crit
Care Med 2003, 168(5):538-542.
4. Flaherty KR, Mumford JA, Murray S, Kazerooni EA, Gross BH, Colby
TV, Travis WD, Flint A, Toews GB, Lynch JP 3rd, Martinez FJ: Prog-
nostic implications of physiologic and radiographic changes
in idiopathic interstitial pneumonia.  Am J Respir Crit Care Med
2003, 168(5):543-548.
5. Latsi PI, du Bois RM, Nicholson AG, Colby TV, Bisirtzoglou D, Nikola-
kopoulou A, Veeraraghavan S, Hansell DM, Wells AU: Fibrotic idi-
opathic interstitial pneumonia: the prognostic value of
longitudinal functional trends.  Am J Respir Crit Care Med 2003,
168(5):531-537.
6. Carrington CB, Gaensler EA, Coutu RE, FitzGerald MX, Gupta RG:
Natural history and treated course of usual and desquama-
tive interstitial pneumonia.  N Engl J Med 1978, 298(15):801-809.
7. Turner-Warwick M, Burrows B, Johnson A: Cryptogenic fibrosing
alveolitis: clinical features and their influence on survival.
Thorax 1980, 35(3):171-180.
8. Turner-Warwick M, Burrows B, Johnson A: Cryptogenic fibrosing
alveolitis: response to corticosteroid treatment and its effect
on survival.  Thorax 1980, 35(8):593-599.
9. Bjoraker JA, Ryu JH, Edwin MK, Myers JL, Tazelaar HD, Schroeder
DR, Offord KP: Prognostic significance of histopathologic sub-
sets in idiopathic pulmonary fibrosis.  Am J Respir Crit Care Med
1998, 157(1):199-203.
10. Coultas DB, Zumwalt RE, Black WC, Sobonya RE: The epidemiol-
ogy of interstitial lung diseases.  Am J Respir Crit Care Med 1994,
150(4):967-972.
11. Hansell A, Hollowell J, Nichols T, McNiece R, Strachan D: Use of the
General Practice Research Database (GPRD) for respiratory
epidemiology: a comparison with the 4th Morbidity Survey
in General Practice (MSGP4).  Thorax 1999, 54(5):413-419.
12. Gribbin J, Hubbard RB, Le Jeune I, Smith CJ, West J, Tata LJ: Inci-
dence and mortality of idiopathic pulmonary fibrosis and sar-
coidosis in the UK.  Thorax 2006, 61(11):980-985.
13. Baumgartner KB, Samet JM, Stidley CA, Colby TV, Waldron JA: Cig-
arette smoking: a risk factor for idiopathic pulmonary fibro-
sis.  Am J Respir Crit Care Med 1997, 155(1):242-248.
14. Garcia CK, Raghu G: Inherited interstitial lung disease.  Clin
Chest Med 2004, 25(3):421-33, v.
15. Marshall RP, Puddicombe A, Cookson WO, Laurent GJ: Adult famil-
ial cryptogenic fibrosing alveolitis in the United Kingdom.
Thorax 2000, 55(2):143-146.
16. Steele MP, Speer MC, Loyd JE, Brown KK, Herron A, Slifer SH, Burch
LH, Wahidi MM, Phillips JA 3rd, Sporn TA, McAdams HP, Schwarz MI,
Schwartz DA: Clinical and pathologic features of familial inter-
stitial pneumonia.  Am J Respir Crit Care Med 2005,
172(9):1146-1152.
17. Armanios MY, Chen JJ, Cogan JD, Alder JK, Ingersoll RG, Markin C,
Lawson WE, Xie M, Vulto I, Phillips JA 3rd, Lansdorp PM, Greider
CW, Loyd JE: Telomerase mutations in families with idio-
pathic pulmonary fibrosis.  N Engl J Med 2007,
356(13):1317-1326.
18. Kim DS, Collard HR, King TE Jr.: Classification and natural his-
tory of the idiopathic interstitial pneumonias.  Proc Am Thorac
Soc 2006, 3(4):285-292.
19. Raghu G, Freudenberger TD, Yang S, Curtis JR, Spada C, Hayes J, Sil-
lery JK, Pope CE 2nd, Pellegrini CA: High prevalence of abnormal
acid gastro-oesophageal reflux in idiopathic pulmonary
fibrosis.  Eur Respir J 2006, 27(1):136-142.
20. Agusti AG, Roca J, Gea J, Wagner PD, Xaubet A, Rodriguez-Roisin R:
Mechanisms of gas-exchange impairment in idiopathic pul-
monary fibrosis.  Am Rev Respir Dis 1991, 143(2):219-225.
21. Azuma A, Nukiwa T, Tsuboi E, Suga M, Abe S, Nakata K, Taguchi Y,
Nagai S, Itoh H, Ohi M, Sato A, Kudoh S: Double-blind, placebo-
controlled trial of pirfenidone in patients with idiopathic pul-
monary fibrosis.  Am J Respir Crit Care Med 2005,
171(9):1040-1047.
22. Raghu G, Brown KK, Bradford WZ, Starko K, Noble PW, Schwartz
DA, King TE Jr.: A placebo-controlled trial of interferon
gamma-1b in patients with idiopathic pulmonary fibrosis.  N
Engl J Med 2004, 350(2):125-133.
23. Demedts M, Behr J, Buhl R, Costabel U, Dekhuijzen R, Jansen HM,
MacNee W, Thomeer M, Wallaert B, Laurent F, Nicholson AG, Ver-
beken EK, Verschakelen J, Flower CD, Capron F, Petruzzelli S, De
Vuyst P, van den Bosch JM, Rodriguez-Becerra E, Corvasce G,
Lankhorst I, Sardina M, Montanari M: High-dose acetylcysteine in
idiopathic pulmonary fibrosis.  N Engl J Med 2005,
353(21):2229-2242.
24. Kondoh Y, Taniguchi H, Kawabata Y, Yokoi T, Suzuki K, Takagi K:
Acute exacerbation in idiopathic pulmonary fibrosis. Analy-
sis of clinical and pathologic findings in three cases.  Chest
1993, 103(6):1808-1812.
25. Gross P: The concept of the Hamman-Rich syndrome. A cri-
tique.  Am Rev Respir Dis 1962, 85:828-832.
26. Parambil JG, Myers JL, Ryu JH: Histopathologic features and out-
come of patients with acute exacerbation of idiopathic pul-
monary fibrosis undergoing surgical lung biopsy.  Chest 2005,
128(5):3310-3315.
27. Martinez FJ, Safrin S, Weycker D, Starko KM, Bradford WZ, King TE
Jr., Flaherty KR, Schwartz DA, Noble PW, Raghu G, Brown KK: The
clinical course of patients with idiopathic pulmonary fibrosis.
Ann Intern Med 2005, 142(12 Pt 1):963-967.Orphanet Journal of Rare Diseases 2008, 3:8 http://www.ojrd.com/content/3/1/8
Page 14 of 15
(page number not for citation purposes)
28. Kim DS, Park JH, Park BK, Lee JS, Nicholson AG, Colby T: Acute
exacerbation of idiopathic pulmonary fibrosis: frequency and
clinical features.  Eur Respir J 2006, 27(1):143-150.
29. Akira M, Hamada H, Sakatani M, Kobayashi C, Nishioka M, Yamamoto
S: CT findings during phase of accelerated deterioration in
patients with idiopathic pulmonary fibrosis.  AJR Am J Roentgenol
1997, 168(1):79-83.
30. Ambrosini V, Cancellieri A, Chilosi M, Zompatori M, Trisolini R,
Saragoni L, Poletti V: Acute exacerbation of idiopathic pulmo-
nary fibrosis: report of a series.  Eur Respir J 2003, 22(5):821-826.
31. Rice AJ, Wells AU, Bouros D, du Bois RM, Hansell DM, Polychronop-
oulos V, Vassilakis D, Kerr JR, Evans TW, Nicholson AG: Terminal
diffuse alveolar damage in relation to interstitial pneumo-
nias. An autopsy study.  Am J Clin Pathol 2003, 119(5):709-714.
32. Nathan SD, Noble PW, Tuder RM: Idiopathic pulmonary fibrosis
and pulmonary hypertension: connecting the dots.  Am J Respir
Crit Care Med 2007, 175(9):875-880.
33. Lettieri CJ, Nathan SD, Barnett SD, Ahmad S, Shorr AF: Prevalence
and outcomes of pulmonary arterial hypertension in
advanced idiopathic pulmonary fibrosis.  Chest 2006,
129(3):746-752.
34. Nadrous HF, Pellikka PA, Krowka MJ, Swanson KL, Chaowalit N,
Decker PA, Ryu JH: Pulmonary hypertension in patients with
idiopathic pulmonary fibrosis.  Chest 2005, 128(4):2393-2399.
35. Kawut SM, O'Shea MK, Bartels MN, Wilt JS, Sonett JR, Arcasoy SM:
Exercise testing determines survival in patients with diffuse
parenchymal lung disease evaluated for lung transplanta-
tion.  Respir Med 2005, 99(11):1431-1439.
36. Nathan SD, Shlobin OA, Ahmad S, Urbanek S, Barnett SD: Pulmo-
nary hypertension and pulmonary function testing in idio-
pathic pulmonary fibrosis.  Chest 2007, 131(3):657-663.
37. Wells AU, King AD, Rubens MB, Cramer D, du Bois RM, Hansell DM:
Lone cryptogenic fibrosing alveolitis: a functional-morpho-
logic correlation based on extent of disease on thin-section
computed tomography.  Am J Respir Crit Care Med 1997,
155(4):1367-1375.
38. Wells AU, Desai SR, Rubens MB, Goh NS, Cramer D, Nicholson AG,
Colby TV, du Bois RM, Hansell DM: Idiopathic pulmonary fibro-
sis: a composite physiologic index derived from disease
extent observed by computed tomography.  Am J Respir Crit
Care Med 2003, 167(7):962-969.
39. Cottin V, Nunes H, Brillet PY, Delaval P, Devouassoux G, Tillie-Leb-
lond I, Israel-Biet D, Court-Fortune I, Valeyre D, Cordier JF: Com-
bined pulmonary fibrosis and emphysema: a distinct
underrecognised entity.  Eur Respir J 2005, 26(4):586-593.
40. Haddad R, Massaro D: Idiopathic diffuse interstitial pulmonary
fibrosis (fibrosing alveolitis), atypical epithelial proliferation
and lung cancer.  Am J Med 1968, 45(2):211-219.
41. Stack BH, Choo-Kang YF, Heard BE: The prognosis of cryp-
togenic fibrosing alveolitis.  Thorax 1972, 27(5):535-542.
42. Turner-Warwick M, Lebowitz M, Burrows B, Johnson A: Cryp-
togenic fibrosing alveolitis and lung cancer.  Thorax 1980,
35(7):496-499.
43. Wells C, Mannino DM: Pulmonary fibrosis and lung cancer in
the United States: analysis of the multiple cause of death
mortality data, 1979 through 1991.  South Med J 1996,
89(5):505-510.
44. Hubbard R, Venn A, Lewis S, Britton J: Lung cancer and cryp-
togenic fibrosing alveolitis. A population-based cohort study.
Am J Respir Crit Care Med 2000, 161(1):5-8.
45. Samet JM: Does idiopathic pulmonary fibrosis increase lung
cancer risk?  Am J Respir Crit Care Med 2000, 161(1):1-2.
46. Taskar VS, Coultas DB: Is idiopathic pulmonary fibrosis an envi-
ronmental disease?  Proc Am Thorac Soc 2006, 3(4):293-298.
47. Baumgartner KB, Samet JM, Coultas DB, Stidley CA, Hunt WC, Colby
TV, Waldron JA: Occupational and environmental risk factors
for idiopathic pulmonary fibrosis: a multicenter case-control
study. Collaborating Centers.  Am J Epidemiol 2000,
152(4):307-315.
48. Egan JJ, Stewart JP, Hasleton PS, Arrand JR, Carroll KB, Woodcock
AA: Epstein-Barr virus replication within pulmonary epithe-
lial cells in cryptogenic fibrosing alveolitis.  Thorax 1995,
50(12):1234-1239.
49. Mora AL, Woods CR, Garcia A, Xu J, Rojas M, Speck SH, Roman J,
Brigham KL, Stecenko AA: Lung infection with gamma-herpes-
virus induces progressive pulmonary fibrosis in Th2-biased
mice.  Am J Physiol Lung Cell Mol Physiol 2005, 289(5):L711-21.
50. Irving WL, Day S, Johnston ID: Idiopathic pulmonary fibrosis and
hepatitis C virus infection.  Am Rev Respir Dis 1993, 148(6 Pt
1):1683-1684.
51. Kuwano K, Nomoto Y, Kunitake R, Hagimoto N, Matsuba T, Nakan-
ishi Y, Hara N: Detection of adenovirus E1A DNA in pulmo-
nary fibrosis using nested polymerase chain reaction.  Eur
Respir J 1997, 10(7):1445-1449.
52. Selman M, King TE, Pardo A: Idiopathic pulmonary fibrosis: pre-
vailing and evolving hypotheses about its pathogenesis and
implications for therapy.  Ann Intern Med 2001, 134(2):136-151.
53. Noble PW, Homer RJ: Idiopathic pulmonary fibrosis: new
insights into pathogenesis.  Clin Chest Med 2004, 25(4):749-58, vii.
54. Strieter RM: Pathogenesis and natural history of usual intersti-
tial pneumonia: the whole story or the last chapter of a long
novel.  Chest 2005, 128(5 Suppl 1):526S-532S.
55. Hashimoto N, Jin H, Liu T, Chensue SW, Phan SH: Bone marrow-
derived progenitor cells in pulmonary fibrosis.  J Clin Invest
2004, 113(2):243-252.
56. Phillips RJ, Burdick MD, Hong K, Lutz MA, Murray LA, Xue YY, Belp-
erio JA, Keane MP, Strieter RM: Circulating fibrocytes traffic to
the lungs in response to CXCL12 and mediate fibrosis.  J Clin
Invest 2004, 114(3):438-446.
57. Quan TE, Cowper S, Wu SP, Bockenstedt LK, Bucala R: Circulating
fibrocytes: collagen-secreting cells of the peripheral blood.
Int J Biochem Cell Biol 2004, 36(4):598-606.
58. Iwano M, Plieth D, Danoff TM, Xue C, Okada H, Neilson EG: Evi-
dence that fibroblasts derive from epithelium during tissue
fibrosis.  J Clin Invest 2002, 110(3):341-350.
59. Willis BC, Liebler JM, Luby-Phelps K, Nicholson AG, Crandall ED, du
Bois RM, Borok Z: Induction of epithelial-mesenchymal transi-
tion in alveolar epithelial cells by transforming growth fac-
tor-beta1: potential role in idiopathic pulmonary fibrosis.  Am
J Pathol 2005, 166(5):1321-1332.
60. Kim KK, Kugler MC, Wolters PJ, Robillard L, Galvez MG, Brumwell
AN, Sheppard D, Chapman HA: Alveolar epithelial cell mesen-
chymal transition develops in vivo during pulmonary fibrosis
and is regulated by the extracellular matrix.  Proc Natl Acad Sci
U S A 2006, 103(35):13180-13185.
61. Turner-Warwick M: Precapillary Systemic-Pulmonary Anasto-
moses.  Thorax 1963, 18:225-237.
62. Peao MN, Aguas AP, de Sa CM, Grande NR: Neoformation of
blood vessels in association with rat lung fibrosis induced by
bleomycin.  Anat Rec 1994, 238(1):57-67.
63. Strieter RM, Gomperts BN, Keane MP: The role of CXC chemok-
ines in pulmonary fibrosis.  J Clin Invest 2007, 117(3):549-556.
64. Crystal RG, Fulmer JD, Roberts WC, Moss ML, Line BR, Reynolds
HY: Idiopathic pulmonary fibrosis. Clinical, histologic, radio-
graphic, physiologic, scintigraphic, cytologic, and biochemi-
cal aspects.  Ann Intern Med 1976, 85(6):769-788.
65. Grenier P, Valeyre D, Cluzel P, Brauner MW, Lenoir S, Chastang C:
Chronic diffuse interstitial lung disease: diagnostic value of
chest radiography and high-resolution CT.  Radiology 1991,
179(1):123-132.
66. Mathieson JR, Mayo JR, Staples CA, Muller NL: Chronic diffuse
infiltrative lung disease: comparison of diagnostic accuracy
of CT and chest radiography.  Radiology 1989, 171(1):111-116.
67. Hunninghake GW, Lynch DA, Galvin JR, Gross BH, Muller N,
Schwartz DA, King TE Jr., Lynch JP 3rd, Hegele R, Waldron J, Colby
TV, Hogg JC: Radiologic findings are strongly associated with
a pathologic diagnosis of usual interstitial pneumonia.  Chest
2003, 124(4):1215-1223.
68. Hunninghake GW, Zimmerman MB, Schwartz DA, King TE Jr., Lynch
J, Hegele R, Waldron J, Colby T, Muller N, Lynch D, Galvin J, Gross
B, Hogg J, Toews G, Helmers R, Cooper JA Jr., Baughman R, Strange
C, Millard M: Utility of a lung biopsy for the diagnosis of idio-
pathic pulmonary fibrosis.  Am J Respir Crit Care Med 2001,
164(2):193-196.
69. Raghu G, Mageto YN, Lockhart D, Schmidt RA, Wood DE, Godwin
JD: The accuracy of the clinical diagnosis of new-onset idio-
pathic pulmonary fibrosis and other interstitial lung disease:
A prospective study.  Chest 1999, 116(5):1168-1174.
70. Veeraraghavan S, Latsi PI, Wells AU, Pantelidis P, Nicholson AG,
Colby TV, Haslam PL, Renzoni EA, du Bois RM: BAL findings in idi-Publish with BioMed Central    and   every 
scientist can read your work free of charge
"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published  immediately upon acceptance
cited in PubMed and archived on PubMed Central 
yours — you keep the copyright
Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp
BioMedcentral
Orphanet Journal of Rare Diseases 2008, 3:8 http://www.ojrd.com/content/3/1/8
Page 15 of 15
(page number not for citation purposes)
opathic nonspecific interstitial pneumonia and usual intersti-
tial pneumonia.  Eur Respir J 2003, 22(2):239-244.
71. Costabel U, Guzman J: Bronchoalveolar lavage in interstitial
lung disease.  Curr Opin Pulm Med 2001, 7(5):255-261.
72. Flaherty KR, Travis WD, Colby TV, Toews GB, Kazerooni EA, Gross
BH, Jain A, Strawderman RL, Flint A, Lynch JP, Martinez FJ: His-
topathologic variability in usual and nonspecific interstitial
pneumonias.  Am J Respir Crit Care Med 2001, 164(9):1722-1727.
73. Harris RJ, Kavuru MS, Rice TW, Kirby TJ: The diagnostic and ther-
apeutic utility of thoracoscopy. A review.  Chest 1995,
108(3):828-841.
74. Utz JP, Ryu JH, Douglas WW, Hartman TE, Tazelaar HD, Myers JL,
Allen MS, Schroeder DR: High short-term mortality following
lung biopsy for usual interstitial pneumonia.  Eur Respir J 2001,
17(2):175-179.
75. Lettieri CJ, Veerappan GR, Helman DL, Mulligan CR, Shorr AF: Out-
comes and safety of surgical lung biopsy for interstitial lung
disease.  Chest 2005, 127(5):1600-1605.
76. Collins CD, Wells AU, Hansell DM, Morgan RA, MacSweeney JE, du
Bois RM, Rubens MB: Observer variation in pattern type and
extent of disease in fibrosing alveolitis on thin section com-
puted tomography and chest radiography.  Clin Radiol 1994,
49(4):236-240.
77. Lettieri CJ, Veerappan GR, Parker JM, Franks TJ, Hayden D, Travis
WD, Shorr AF: Discordance between general and pulmonary
pathologists in the diagnosis of interstitial lung disease.  Respir
Med 2005, 99(11):1425-1430.
78. Nicholson AG, Addis BJ, Bharucha H, Clelland CA, Corrin B, Gibbs
AR, Hasleton PS, Kerr KM, Ibrahim NB, Stewart S, Wallace WA,
Wells AU: Inter-observer variation between pathologists in
diffuse parenchymal lung disease.  Thorax 2004, 59(6):500-505.
79. Katzenstein AL, Fiorelli RF: Nonspecific interstitial pneumonia/
fibrosis. Histologic features and clinical significance.  Am J Surg
Pathol 1994, 18(2):136-147.
80. Nagai S, Handa T, Tabuena R, Kitaichi M, Izumi T: Nonspecific
interstitial pneumonia: a real clinical entity?  Clin Chest Med
2004, 25(4):705-15, vi.
81. Desai SR, Veeraraghavan S, Hansell DM, Nikolakopolou A, Goh NS,
Nicholson AG, Colby TV, Denton CP, Black CM, du Bois RM, Wells
AU: CT features of lung disease in patients with systemic
sclerosis: comparison with idiopathic pulmonary fibrosis and
nonspecific interstitial pneumonia.  Radiology 2004,
232(2):560-567.
82. Kinder BW, Collard HR, Koth L, Daikh DI, Wolters PJ, Elicker B,
Jones KD, King TE Jr.: Idiopathic nonspecific interstitial pneu-
monia: lung manifestation of undifferentiated connective tis-
sue disease?  Am J Respir Crit Care Med 2007, 176(7):691-697.
83. Perez A, Rogers RM, Dauber JH: The prognosis of idiopathic pul-
monary fibrosis.  Am J Respir Cell Mol Biol 2003, 29(3
Suppl):S19-26.
84. King TE Jr., Schwarz MI, Brown K, Tooze JA, Colby TV, Waldron JA
Jr., Flint A, Thurlbeck W, Cherniack RM: Idiopathic pulmonary
fibrosis: relationship between histopathologic features and
mortality.  Am J Respir Crit Care Med 2001, 164(6):1025-1032.
85. Nicholson AG, Fulford LG, Colby TV, du Bois RM, Hansell DM, Wells
AU: The relationship between individual histologic features
and disease progression in idiopathic pulmonary fibrosis.  Am
J Respir Crit Care Med 2002, 166(2):173-177.
86. Gay SE, Kazerooni EA, Toews GB, Lynch JP 3rd, Gross BH, Cascade
PN, Spizarny DL, Flint A, Schork MA, Whyte RI, Popovich J, Hyzy R,
Martinez FJ: Idiopathic pulmonary fibrosis: predicting
response to therapy and survival.  Am J Respir Crit Care Med 1998,
157(4 Pt 1):1063-1072.
87. Flaherty KR, Thwaite EL, Kazerooni EA, Gross BH, Toews GB, Colby
TV, Travis WD, Mumford JA, Murray S, Flint A, Lynch JP 3rd, Martinez
FJ: Radiological versus histological diagnosis in UIP and NSIP:
survival implications.  Thorax 2003, 58(2):143-148.
88. Raghu G, Depaso WJ, Cain K, Hammar SP, Wetzel CE, Dreis DF,
Hutchinson J, Pardee NE, Winterbauer RH: Azathioprine com-
bined with prednisone in the treatment of idiopathic pulmo-
nary fibrosis: a prospective double-blind, randomized,
placebo-controlled  clinical trial.  Am Rev Respir Dis 1991,
144(2):291-296.
89. Johnson MA, Kwan S, Snell NJ, Nunn AJ, Darbyshire JH, Turner-War-
wick M: Randomised controlled trial comparing prednisolone
alone with cyclophosphamide and low dose prednisolone in
combination in cryptogenic fibrosing alveolitis.  Thorax 1989,
44(4):280-288.
90. Zisman DA, Lynch JP 3rd, Toews GB, Kazerooni EA, Flint A, Martinez
FJ: Cyclophosphamide in the treatment of idiopathic pulmo-
nary fibrosis: a prospective study in patients who failed to
respond to corticosteroids.  Chest 2000, 117(6):1619-1626.
91. Collard HR, Ryu JH, Douglas WW, Schwarz MI, Curran-Everett D,
King TE Jr., Brown KK: Combined corticosteroid and cyclo-
phosphamide therapy does not alter survival in idiopathic
pulmonary fibrosis.  Chest 2004, 125(6):2169-2174.
92. Cantin AM, Hubbard RC, Crystal RG: Glutathione deficiency in
the epithelial lining fluid of the lower respiratory tract in idi-
opathic pulmonary fibrosis.  Am Rev Respir Dis 1989,
139(2):370-372.
93. Cantin AM, North SL, Fells GA, Hubbard RC, Crystal RG: Oxidant-
mediated epithelial cell injury in idiopathic pulmonary fibro-
sis.  J Clin Invest 1987, 79(6):1665-1673.
94. Behr J, Maier K, Degenkolb B, Krombach F, Vogelmeier C: Antioxi-
dative and clinical effects of high-dose N-acetylcysteine in
fibrosing alveolitis. Adjunctive therapy to maintenance
immunosuppression.  Am J Respir Crit Care Med 1997,
156(6):1897-1901.
95. Shah NR, Noble P, Jackson RM, King TE Jr., Nathan SD, Padilla M,
Raghu G, Rhodes MB, Schwarz M, Tino G, Dubois RW: A critical
assessment of treatment options for idiopathic pulmonary
fibrosis.  Sarcoidosis Vasc Diffuse Lung Dis 2005, 22(3):167-174.
96. Nathan SD: Lung transplantation: disease-specific considera-
tions for referral.  Chest 2005, 127(3):1006-1016.
97. Trulock EP, Edwards LB, Taylor DO, Boucek MM, Keck BM, Hertz MI:
Registry of the International Society for Heart and Lung
Transplantation: twenty-third official adult lung and heart-
lung transplantation report--2006.  J Heart Lung Transplant 2006,
25(8):880-892.
98. Davis SQ, Garrity ER Jr.: Organ allocation in lung transplant.
Chest 2007, 132(5):1646-1651.
99. De Vries J, Kessels BL, Drent M: Quality of life of idiopathic pul-
monary fibrosis patients.  Eur Respir J 2001, 17(5):954-961.
100. Nishiyama O, Taniguchi H, Kondoh Y, Kimura T, Ogawa T, Watanabe
F, Arizono S: Quadriceps weakness is related to exercise
capacity in idiopathic pulmonary fibrosis.  Chest 2005,
127(6):2028-2033.
101. Crystal RG, Bitterman PB, Mossman B, Schwarz MI, Sheppard D,
Almasy L, Chapman HA, Friedman SL, King TE Jr., Leinwand LA, Liotta
L, Martin GR, Schwartz DA, Schultz GS, Wagner CR, Musson RA:
Future research directions in idiopathic pulmonary fibrosis:
summary of a National Heart, Lung, and Blood Institute
working group.  Am J Respir Crit Care Med 2002, 166(2):236-246.
102. Reynolds HY, Gail DB, Kiley JP: Interstitial lung diseases--where
we started from and are now going.  Sarcoidosis Vasc Diffuse Lung
Dis 2005, 22(1):5-12.